ABSTRACT. Principles contributing to changes and the final balance of rejuvenation in 14C
INTRODUCTION
shows the difference between true 14C age (TA) and apparent mean residence time (AMRT) of soil samples or soil profiles. It stands under a rising AMRT due to annual turnover of ca 5.5.1012kg of dead carbon from fossil fuel sources (Suess effect) and at a more moderate rate due to liberation of carbon from wood clearing at 8-15,000,000 halyr, releasing some 1.5.1012kg of mostly 100-1000 yr-old carbon. This represents, with 7.1012kg of Clyr, ca 1% of the total CO2 pool of the atmosphere. The reverse trend of reducing the AMRT compared to the TA originates from bomb carbon rises of natural 14C (Fig 2) and from annual turnover of ca 115.1012kg of terrestrial organic carbon, equivalent to the annual photosynthetic gain. Since organic matter decomposition for terrestrial and for submerged soils shows an initial steep trend and even spike (Fig 3) followed by a much slower steady-state phaserof decomposition, much of the recycled carbon is young (Jenkinson & Ayanaba,1977; Neue & Scharpenseel,1987) . A moderate increment of this rejuvenation effect, being difficult to assess quantitatively, has to be tacitly implied due to enhancement of current modern organic matter production by annual pool transfer of ca 150109kg of N (75.109kg as mineral N fertilizer, 75.109kg as diazotrophic, collected N by Rhizobium and blue/green algae) from the atmosphere into the pedosphere and annual pool transfer of ca 40.109kg of P and K from the lithosphere into the pedosphere.
Besides these biogeochemical effects, agronomic processes contribute to rejuvenation by percolation of humic substances in acid or alkaline soils, root growth and animal transport of carbon, depending on the biological . activity. However, the clay/oxide matrix and mainly their variable charge is The effect of bomb carbon on rejuvenation of soil profiles after 1980 is more pronounced and differs in terrestrial and temporarily submerged, hydromorphic soils. For example, the semiarid terrestrial Rhodustalf profile at Patancheru (see Becker-Heidmann & Scharpenseel, 1989) reveals bomb carbon only until 12cm depth; the hydromorphic Spodic Aquic Hapludalf at Wohldorf Forest near Hamburg (see shows bomb carbon intermittently down to 50cm, where the additional moisture at horizon boundaries, due to impeded permeability at the interfaces, causes fine racination and, thus, spikes of modern carbon. The rainfed riceland at Pangil, Philippines (Fig 5) , shows bomb carbon down to 18cm depth of puddling, and finally, the normally year-round irrigated soil at Los Banos (Becker-Heidmann & Scharpenseel, 1989) shows bomb carbon again with spikes at the horizon layer transitions down to 70cm, indicating the possible effect of rather deep homogenization of the soil by a motor drawn puddler. The highest bomb carbon levels of 1962/63 did not manifest themselves strongly in the natural 14C level of the soil profiles at that time. It was by repetitive input rates of bomb carbon over some 20-25 years that its influence became increasingly apparent particularly in the organic raw humus layer of Spodosols and the humic substances of the topsoil epipedon. Table 2 summarizes the results of 14 soil profiles thin-layerwise 14C dated after 1980, which are divided into terrestrial upland, temporarily submerged and mostly submerged lowland categories. We sampled in 2cm thin layers except for the lower part of the deep Vertisol profiles, Akko and Qedma, with 5cm thin layers. The maximum observed bomb carbon level at any depth of the profiles above the indicated boundary of <100% NBS standard is 125 pM. The terrestrial soils are modern in approximately the upper 6-22cm, with some possible modern spikes at a deeper level, which only the thorough 2cm thin layer sampling reveals, in the case of the hydromorphic soil with perched water table. The alternately submerged and dry soils of the monsoon climate are not very different, whereas the long-term submerged, irrigated soils, homogenized as deeply as possible during the puddling process, show greater bomb carbon influence by decomposition of modern plant residues, including straw, in the full depth of the puddling operation. Possibly the underlying, percolation promoting, tuffaceous layer enhances the process. 
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Vertisols with Peloturbation
Vertisols (Soil Taxonomy, 1975) with >30% of mostly swelling and shrinking smectite clays and, during the drier part of the year, deep cracks of >1cm width at 50cm depth, support a self-mulching system (peloturbation) of material, dropping from the surface into the cracks. This creates a lack of space; the cracks close during the rainy season, causing lateral pressure to set up a churning process of homogenization. In a true Vertisol, the 14C age should increase only slightly with depth until the maximum depth of the cracks, below them in the usual progression. Figure 6 shows the regression lines of all measured Vertisol profiles from 10 countries. Table 3 lists the regression equations (see also Scharpenseel, Freytag & BeckerHeidmann,1986 ). The steepest regression line belongs to the Bulgarian Vertisols and shows the strongest conservation of old carbon, the fastest decomposition of recent C species and poorest peloturbation. The flattest curve is that of the Sudanese Vertisols, which points to the reversal of the above trends. A b13C profile curve (Fig 7; cf Freytag,1985) confirms the peloturbation by the depth of C species from C4 durra plants, framed due to the 13C shift by present day C3 cotton C and the deeper lighter humus C of the Nile alluvium before soil utilization by man. The effect of bomb carbon exists (Fig 6) only in some Vertisol profiles. Since the regression lines comprise dates of different soil profiles, the individual soil profiles with bomb carbon cannot be identified, only the trend in the sum of profiles from individual countries is clearly distinguishable.
Mollisols with Bioturbation
Mollisols (Soil Taxonomy, 1975) are soils with, among other criteria, a mollic epipedon >25cm thick. Due to their prevalent micaceous clays, they do not or, only weakly, swell and shrink (crack). Bioturbation is responsible for C transport in the profile by the soil biomass, especially the earthworm population. Corresponding rejuvenation strongly depends, besides root growth, on the pattern of feeding and disposal of coprogenic products of earthworms. Thus, earthworms were collected carefully from different depth layers of the mollic horizon. They were converted to benzene and 14C dated (cf . Figure 8 shows that all earthworm Shifts in 14C Patterns of Soil Profiles samples consist of modern (bomb) C, although the humus C of the soil layer from which the earthworms were collected, has a 14C age of several thousand years. This indicates that the earthworms of all depth layers feed on modern plant residues at or near the soil surface, where their coprogenic products collect. Earthworms of the deepest layer, which mostly coincides with the dead end of earthworms escape tracks, show even more bomb C than those of the next higher layer, due to the deposit of waste products. The same trend of age curves inversion in the deepest layer was also frequently found with layerwise dating of the humus matter of soil profiles with high biological activity. Figure 4 shows age vs depth curves as regression lines of dated Mollisol profiles from seven countries. The profiles from Tunisia are partly at the soil surface (I), and partly covered by a thin sediment blanket (II). The corresponding regression equations and the slope of the regression lines (Table 4) indicate, by means of the Hungarian and the Bulgarian Mollisols, the best conservation of old C species as well as the most durable clay organic matter complexes. Yet in the same soils, the recent organic matter has strongly decomposed and the homogenizing effect of bioturbation is manifested in its mildest form. The reverse holds true for the Tunisian surface profiles and the Australian Krasnozem-like Mollisols. Again, the bomb C influence in individual soil profiles is integrated in regression lines representing the country of origin. These reveal that the effect of homogenization by bioturbation is more moderate than in most descriptions of Mollisol dynamics. German Mollisols, eg, are definitely of Holocene origin with a main phase of early soil formation in Boreal and Atlantic periods. We can safely deduce from Figure 1 that a soil sample with an AMRT of close to 6000 BP vs a TA of ca 8000 BP represents an admixture of ca 20% of modern carbon species.
